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© Mon*nnear optical materia! and non-linear optical device- employing it 



© A novel organic non-flnoar optical material and a device using the same are disclosed. The material hardty 
makes reversal symmetrical molecular configuration in a bulk state such as a crystal and a thin layer and shows 
a Wgh non-firtear optical effect A norvOnear optical device using the material has an excellent properties. The 
organic norHinear optical material is comprised of the following compound: 
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wherein Ri, R» and R* are IndependerWy a hydrogen atom, a cyano group, a phenyl group, an amino 
group, an alkoxy group, an acytamino group, an aflcyfthfo group, an aJkyl group, an alkoxyycarbonyl group, 
carbamoyl group or a heterocyclic group, provided that Rj Is allowed to Grit together with R* to form a ring 
and Rn R» and R* are not hydrogen atom at the same time; Rz is a hydrogen atom, an alky! group or an 
acyf group; and said groups represented by Ri. Ra, Ra. R« and the ring formed by finking the groups 
represented by Rj and R* are allowed to have a subsWuent 
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NON-UNEAR OPTICAL MATERIAL AND NON4JNEAR OPTICAL DEVICE EMPLOYING IT 



FIELD OP THE INVENTION 



T6 



This tavenlion relates to an organic non-anear optical material applicable to the gerteratfon of the higher 
harmonic waves and to the parametric amplification of laser team, and to the ft*, and further relates to an 
organ* norHtoar optical device, employing ft. 



to 



BACKGROUND OF THE INVENTION 



A non-Snear optical effect Is strikingly displayed when exposing a material to Intensive fight such as 
laser beams. Such effect can be appSod to a frequency conversion, an Intensity rnodurafion. a switching 
operation, and so forth, to recent years, rnany reasearches and envelopments have been made for obtaining 
the materials capable of displaying such a noiHtoear optic*! effect so tar, Regarding such research and 
development of the non-linear optical material, 'Non-linear Optical Properties of Organic Molecules and 
Crystals, voL 1, 2, edited by AT & T, Academic Press Inc. "87", can be referred. 

for the frequency conversion and. In particular, for the Second Harmonic Generation (hereinafter 
abbreviated to SHQ) originated from the second-order non-finear optical effect, there have been some 
20 indications of toe possibility that an organic compound may display extraordinarily higher efficiency man 
those of the conventlonaBy known Inorganic materials such as Whhun ntobate (UNbOj), potassium 
^ydrogervhoeph^e (KDP), and so forth. Such an indication Is found out In. for example, -Organic Non- 
war Optical Materiafe, - . compfied under the supervision of Masao Kate and Hacttro Nakanfehi, published 
by CMC. Company. Japan, 1985. 
25 The optical norHtoearliy of an organic compound originates from » electrons of molecules, and the 
«econo%order non-linear motecuter polanzab^ty (fi) becomes particularly greater when the above- men- 
tioned compound has both of an electron donative group and an electron attractive group. 

There are. however, many compounds including, typfoaHy, p-nitroaniline which tfisptey no SHG at an or 
afew in their crystalline arrangement even If they have a great molecular non-finear pclarizabffity. This is 
30 because the molecular orientation to the crystals of polar organic compounds are liable to be centrosyrn- 
metnc In crystaBlne arrangement 



SUMMARY OF THE INVENTION 

35 

It is, accrjrdmgfy, an object of the toventton to provide a novel organic non-finear optical material which 
can hardly be inversely symmetric In a bulk state such as those of crystals. tWn films and so forth and is 
capable of displaying a high non-linear optical effect and, further, an organic non-linear optical device 
40 employing the material. 

The above-meftfoned object of the invention can be achieved with a run-finear optical material 
a^sed of a corr^ound represented by the following Formula I and a non-linear optical device employed 
the above-mentioned materiaL 

4$ 

Formula I 



so N H^IL 

j 



! 

thereto Ri. R, and R, independently a hydrogen atom, a cyano group, a phenyl group, an amino group, an 
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afkoocy group, acytemJno group, an aflcyHhfo group, an afcyl group, an afeoocycartwnyl group, a carbamoyl 
group, or a hetsrocycOo group, provided that Ra Is allowed to fink together wffii Ri to form a ring and Ri, 
Ri and FU shafl not be hydrogen atoms at the same time: Ra to a hydrogen atom, an afcy* group or an acyf 
group, and the groups represented by Ri. Ra. Ra, R* and the ring formed by finking the groups represented 
s by R* and FU are allowed to have a substftuent 



OCTA1LGD DESCRIPTION OF THE INVENTION 



The Invention wfll now be more detailed below. 

in the above-given Formula I, amino groups represented by Ri. R* and Ri Include, for example, a 
methytarnlno group, a droethylamlno group and 90 forth. 

Allcoxy groups represented by Ri. Ra and Ri Include, for example, a methoxy group, an eihoxy group, 
is and so forth. 

Acytamino groups represented by Ri. Ra and Ri Include, for example, a benzamtdo group, an 
acetoamJdo group, and so forth. 

AflcyttHo groups represented by Ri.Ra and Ri Include, for example, a methyfthfo group, and so forth. 
Aflcyt groups represented by Ri, Ra and Ri Include, for example, a methyl group, an ethyl group, and 
. zo so fortfi. 

Aflcoxycarborryf groups represented by Ri. Rj and Ri lnc]ude. for example, a methyl carboxylate group, 
and so forth. 

Carbamoyl groups represented by Ri, Rj and FU Include, for example, a methyicarbamoyl group, a 
phenylcarbamoyt group, and so forth. 
25 Heterocycfic groups represented by Ri, Ra and Ri included for example, a pyridyt group, a pyrazolyt 
group, an tmidazofyl group, a pyrimldyl group, a foryl group, a thfonyl group, and so forth. 

The preferable groups represented by Ri, Rs and Ri Include, for example, a substituted phenyl group. 

The preferable rings completed by finking R» and Ri together Include, for example, a benzene ring. 

The rings completed by inking Ra and Ri together are allowed to have a substftuent 
so Aflcyl groups represented by Ra Include, for example, a methyl group, an ethyl group, and so forth. 

Acyl groups represented by Ra Include, for example, a benzoyl group, an acetyl group, and so forth. 

The preferable ones represented by Ra include, for example, a hydrogen atom. 

Rt. Ra. Ra and Ri are each allowed to have a subsfltuent 

There is no special Imitation to the substituents, but they may be selected from the following electron 
33 attractive or electron donatfvo subsfituents. 

The above-mentioned electron attractive substituents are those having a Hammetfs constant ap more 
than zero. They Include, for example, nitro groups, cyano groups, aflcyfeutfonyl groups such as a 
roethyisuKonyl group, a ethyfsutfonyt group and so forth, formyf groups, carbamoyl groups such as a 
methyicarbamoyl group, a phenyfcartamoyf group, and so forth, sulfamoyt groups such as a methytsul- 
40 fernery! group, arid so forth, oxycarbonyf groups such as a methoxycarbonyl group, an ethoxycarborryl 
group, and so forth, dteyanovinyi groups, carboxy groups, and so forth. 

Among these, a nitro group, a cyano group, an aJkybutfonyl group, a formyl group and an aHeoxycar- 
bonyl group are preferable. 

The above-mentioned etectron donative substtojents are a halogen atom or those having a Hammetfs 
*s constant op loss thai zero. They Include, for example, amino groups such as an amino group, a 
methylamino group, a oTrnotfrytarnino group, a L-2-tTydrc*ymethyf«1 -pyrrolkfinyt group, and so forth, 
hydroxy! groups, aikoxy groups such as a methoxy group, an ethoxy group, a butoxy group, and so forth, 
afky! groups such as a methyl group, an ethyl group, a propyl group, and so forth. 

The compounds represented by Formula I preferably Include, for example, those having Ri represent- 
so mg a phenyl group substituted with an electron attractive substftuent and Ri representing a phenyl group 
substituted with an electron donative substftuent, or those having Ri representing a P***^ 
substituted with an electron donative substftuent and Ra representing a phenyl group substituted wth an 
electron attractive substftuent 

The compounds preferably applicable to the invention wW be exemplified below. It Is. however, to be 
ss understood that the invention shall not be Bmfted thereto. 
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The imidazole rings of the compounds rotating to the invention may uwafly be synthesized by making 
use of armoine having Ri and bromacetophenone having H* and R*. For further details, refer to Crtemlscho 
Berichte. 34> 637 and. idem, 29. 2097, for example. 

The other known synmestzlng methods am described in. for exampte. Chemlsche Berichte » 1531. W. 
35. Aretaien der Chemle. W0, 95-108. Kt 663, 8ymhesl«. 107a 6. Journal of Chemical Society, 1967. 
4225, and so forth. 

The borufmidacote rings of die compounds relating to the invention are usually synthesized through a 
dehydration reaction of an o-phonytenodlarnino derivative with a carboxyic acid derivative. 

When R* represents an aJkyl group or an acyl group, me Imidazole rings may be synthesized by 
reacting Imidazole with fte corresponding alkyl hafide or an add chtorWe In the presence of base, or they 
may also readOy be synthesized by selecting the raw materials for completing a ring. 



Synthesis Example 1 



Synthesis of Exempfifled Compound I 

A solution was prepared by dlssoMng 15 g of 4-amJnosaScyfic acid and 11 g of phenytenedterrrfne In 
150 ml of c&warte, and 20 g of HN -<Bcyck)hexy1carboQ^mkle was dropped Into the solution so as to react 
them for 4 hours at room temperature. Urea and, then, (he solvent were removed from the solution- The 
resulting solution was heated for 1 hour at 120* C and. then, refined. Yield was 10 g. The total amount 
thereof was dissolved m 100 ml of acetomtrlle and 7 g of benzoyl chloride was added. The resulting 
solution was refluxed for 3 hours, and die resulting reacted solution was cooled down, so that 13 g of flw 
objective crystals were obtained. The structure of the crystals were confirmed with an NMR and an FD 
mass-spectrometer. 
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Synthesis example 2 



5 8yntft8ste of Exemplified Compound 8 



p-nftrrjbeniamkflne of 1025 g was suspended in 50 ml of dmwthyl tbrmamide and &11 g of 
bromacetophefwm was then added to the suspension. The suspension became exothermic end the color 
to thereof was changd Into redolsMmwn. After me reddish-brown solution was cooled down, water was 
added. The resuiflng sofld mattera'deposited wore filtrated 
Yield: 2^7 g 

The structure of the sofld matters were confirmed with an NMR and an FO mass-spectrometer. 
n Melting point 231 C 



Synthesis Example 3 

20 



Synthesis of Exemplified Compound 7 



25 o-eniinoacetophenone of 6.75 g was dssoived in 60 ml of acetontotle. Pyridine of 5 ml was added. 
Benzoyl chloride of benzoyl cWoride was dropped In while stirring. After 3 hours, the solvents were dstflJed 
off under reduced pressure. An extraction was carried out by adding water and ethyl acetate. An organic 
layer was dehydrated with anhydrous magnesium sulfate and then the solvents wore dtetifled off. 
A crystaflizafion deposition was carried out with alcohol. White crystals of o-berizamldobromacetopherwne 

30 were thereby obtained. Yiekt 9.8 g 

In place of tha tromacetophenone used In Example 2. 4.97 g of o-benzamWobromacetor^henone 
prepared as mentioned above was so used as to be reacted In the same manner as In Example 2. and a 
rocryetaffization was carried out wi3i aicohoL YJokfc 3.65 g 

The structure of the resulting matter was confirmed with an NMR and a PD rnass-spectrometer. 

38 Meting point Not lower than 250* C 

The compounds of the frrventfon may be used as a mm-finear optical device, when foe compounds are 
in various forma including, for example, a stngJecrystafllrie form, a powder form, a Bquid form, thin films 
such as Langmuir-Btodgett film, a vacuum-evaporated film end so forth, the ofter forms in which the 
compound is blended in polymers or BgukKoryetai molecules, and so forth. The compounds of the Invention 

40 may also bo made pendent to a polymer or used as a cJathrate compound or en add-on product 

When a non-flnear optical device is applied to the non-linear optical material of the Invention, such 
device may be in any pubSciy known waveguide form. As Is described in Japanese Patent OPX Pubficatkwi 
No. 83-77005f198a. these forms include, for example, a fibre form, a tabular form, and a form In which a 
single crystal is eumourHted by a cladding material 

«s The non-finear optical devices of the Invention may be frequency conversion and modulation of teser 
t^rw. le.. generation of the higher harmonic wave, parametric amplication, Intensity modulation, optical 
switching, and so forth. 



60 EXAMPLES 

Now. the examples wit! be described below, ft is, however, to be understood that the embodiments of 
the invention shall not bo fimJtod thereto. 



ExampIe-1 
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Tho compounds of the Invention wore evaluated for judging the SHQ effect, by the weWmown powder 
method. (Refer to SJC Kurtz and TX Pfcrry; J. AppL Phya, 39. 379a 1 968) 

The foflovring light source wee used A Q-swftehed NcfcYAG laser (the wavelength is 1064 run) Model 
YQ680A manufactured by Quanta! Intemafional, bux, US A. having a beam diameter of 2 mm, a repetition 
s rate of 10 pps, a pulse width of 10 ns, and a pulse energy of 20 roJ, A powdered sample ftflod In a glass- 
<^ was exposed to to laser beam. The produ^ 

by means of a fflter and a monochronvrter, and Intensity of which was detected by means of a 
photomuaipfor tube, so as to obtain the intensity of SHQ of each sample rotative to that of urea which Is 
regarded as a value of 1. 
to The results thereof are also shown In Table 1 . below. 



Table 1 



Compound 


SHG Intensity 


Remade 


Urea 


1 for Standard 


Comparative 


nhtiitroanfiUte 
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Comparative 


Example 1 
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Invention 


Example 4 
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Invention 


Example 6 
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Invention 


Example 7 


16 


Invention 


Example 15 
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Invention 



As Is apparent from Table t ft can be found that the compounds of the Invention are excellent non- 
finear optical materials Wgh In 8HQ Intensity. 



Example 2 



The same compounds of the Invention as those used In Example 1 were crystallzed Inside a hotow 
glass fibr* so as to make the non-linear optical devices. When the NdiYAG laser beam was coupled Into 
35 these devices from me end-face of the «ve. 



Claims 

^ 1. A non-Onear optical material comprised of a compound represented by the fofiowtng Formula t 

\mA Ri (I) 

I 

go W * wrein Rt* % and R* are Independently a hydrogen atom, a cyano group, a phenyl group, an amino 
group, an ataxy group, an acyfarnino group, an afcyfthfo group, an alxyl group, an aficoxycarbonyl group, a 
carbamoyl group or a heterocyclic group, provided that Hi Is allowed to link together with FV to form a ring 
and R 1# R, and R* shall not be hydrogen atoms at the same time; R* Is a hydrogen atom, an aficyi groip or 
an acyi group; and said groups represented by Rt, Rj. Rt. R* and the ring formed by OnWng the groups 

& "epresented by R, and R* are aflowed to have a substftuent 

2. The material of claim 1. wherein said substftuent Is an electron attractive group selected from a nftro 
group, a cyano group, an aikyl euJfonyi group, a tormyl group, a carbamoyl group, a sutfamoyf group, an 
oxycarbonyi group, dicyanovirtyi group and acarboxy group. 
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3. The material of claim 2, wherein said electron attractive group to a rritro group, a cyano group, an 
cdkyteuttonyt group, a formyl group or an aflcox y carbooyl group. 

A. The material of claim 1, whereto aakf substftuent is an electron donative group selected from a 
halogen atom, an amfno group, a hydroxy group, an afcaxy group and an aflcyl group. 

5. The matertal of dafcn.1, wherein one of groups represented by said Rt and R# Is a phenyl group 
substituted by an electron attractive group and the other one of these groups Is a phenyl group substituted 
by an electron donative group. 

a The material of cWm 1, wherein one off groups represented by Ri.Rt 
group. 

7. The material of dairn 8, wherein a substftuent of said substituted phenyl group Is a httro group, a 
cyano group, an afcyfl suflunyt Group, a formyl group, a carbamoyl group* a sutfamoyl group, an oxycarbonyi 
group. cficyanovinyl group or a carboxy group. 

a The material of daim 6, wherein a substftuent of said substituted phenyl group Is a halogen atom, an 
amino group, a hydroxy group, an aikoxy group or an aJkyl group. 

9. The material of claim 1, wherein a ring formed by linking a group represented by said Rj and a 
group represented by sakl fU Is a benzene ring. 

10. The material of claims 1 or 2 to 9, wherein said Rt is a hydrogen atom. 

1 1 . A non-gnear optical device comprising a compound represented by the following Formula t 



20 



23 




wherein Ri, Rj and FU are Independently a hydrogen atom, a cyano group, a phenyl group, an amino 

group, an aikoxy group, an acylamino group, an aOcytthlo group, an aflcyl group, an afiooxyycarbonyt group, a 
90 carbamoyl group or a heterocyclic group, provided that Rj is altowed to Br* toother with R* to form a ring 

and Rt. Rj and R* shall not be hydrogen atoms at the same time: R* is a hydrogen atom, an aflcyl group or 

an acyl group; and said groups represented by Ri, Ra. Rj>, R* and the ring formed by bonding the groups 

represented by R$ and FU are allowed to have a substltuent 

12. The device of claim 11, wherein said substftuent is an electron attractive group selected from arwtro 
38 group, a cyano group, an aflcyl sutfonyl group, a formyl group, a carbamoyl group, a sutfamoyl group, an 

oxycarbonyi group, oTcyanovinyi group and a carboxy group. 

13- The device of claim 12. wherein said electron attractive group is a nitre group, a cyano group, an 

afcyteuffonyl group, a formyl group or an aJkoxycarbonyt group. 

14. The device of daim 11, wherein said substftuent is an electron donative group selected from a 
40 halogen atom, an amino group, a hydroxy group, an aikoxy group or an aflcyl group. 

15. The device of claim 11, wherein one of groups represented by said Rt and Rt la a phenyl group 
substituted by an electron attractive group and the other one of these groups Is a phenyl group substituted 
by an electron donative group. 

16. The device of daim 11. wherein one of groups represented by Ri, Ra and R* is a substituted 
45 phenyl group. 

• 17. The device of daim 16\ wherein a substftuent of said substituted phenyl group is a retro group, a 
cyano group, an aJkyl curfonyl group, a formyl group, a carbamoyl group, a surfamoyt group, an oxycarbonyi 
group, tfcyanovinyl group or a carboxy group. 

IS. The device of claim 18, wherein a substituent of said substituted phenyl group Is a halogen atom, 
60 an amino group, a hydroxy group, an aUcoxy group or an aflcyl group. 

19. The device of daim It, wherein a ring formed by Bntdrtg a group represented by said Ri and a 
group represented by said Ri is a benzene ring. 

20- The device of claims 11 or 12 to 19. wherein said R» Is a hydrogen etorii. 
21. Tr^ deyiw of claims 11 or 12 to 20, whereas 
« 22.Thecevice of claim 21. wherein said device has a fibre form. 

23, The device of dafcn 21. wherein said device has a tabuiar form. 

24. The device of claim 21 . wherein said device has a form in which a stogie crystal of said material Is 
surrounded by a daddtng material 
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C 5 Hu(t) 



C4H9 (n) 



II 



AB 



? JtSi T ? rX ^i contains * ^an coupler I £R1, R2 = substituent; R3 - 
^J^iAif* 1 ' °° R4 ' C02R4 ' C0NR4R5 , S02R4, S02NR4R5 (R4 ■= alkyl, aryl, 
of? C ff 01 *'*? 3=5 ?' J alk y ]L >' * = H, group capable of being split 

« c? ^ aCtXOn Wlth product of a developing agent; m - 0-4; n 

? C °°"Pl er is excellent in spectral absorption; absorption 
coeffacxent, and fastness. Thus. II was prepared and used in a color photog. 
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paper to produce high-d, heat-resistant dye image. 
IT 121216-54-4 121216-63-5 121216-65-7 
121216-66-8 

RL: TEM (Technical or engineered material use); USES (Uses) 
(photog. cyan coupler, for heat-resistant image) 
RN 121216-54-4 CAPLUS 

CN Carbaraic acid, (4- (2- [2- [ [2- [2,4-bis (1, l-dimethylpropyl)phenoxy] -1- 

oxohexyl] amino) phenyl] -5-chloro-lH-imidazol-4 -yl] phenyl] - , ethyl ester 
(9CI) (CA INDEX NAME) 



Me 
I 




RN 121216-63-5 CAPLUS 

CN Hexanamide, N- [2- [2- (2- (acetylamino) phenyl] -5~chloro-lH-iraidazol-4- 

yllphenyl) -2- [2, 4-bis (1 , l~dimethylpropyl)phenoxy] - (9CI) (CA INDEX NAME) 



Me 




RN 121216-65-7 CAPLUS 

CN Benzamide, N- [2- [4- [2- [ 12- [2 , 4 -bis (1, l-dimethylpropyl)phenoxy] -3-methyl-l 
oxobutyl] amino] phenyl] -lH-imidazol-2-yl] phenyl] -2 , 3 , 4 , 5 , 6-pentaf luoro- 
(9CI) (CA INDEX NAME) 



Page 2 



10/621,667 33 of 36 Page 3 




RN 121216-66-8 CAPLUS 

CN Butanamide, 2- (2, 4-bis (1, l-diraethylpropyl)phenoxy] -N- [2- [5-chloro-2- [2- 
((3,3,3 - 1 rif luoro- 1 -oxopropyl ) amino] phenyl J - lH-imldazol -4 -yl J phenyl) -3- 
methyl- (9CI) <CA INDEX NAME) 



Me 
I 




F3C-CH2-C--NH 



IT 121216-46-4P 121216-47-5P 121216-49-7P 

ItLr SPN (Synthetic preparation) ; PREP (Preparation) 

(preparation and use of, as cyan coupler for heat-resistant image) 
RN 121216-46-4 CAPLUS 

CN Benzenepropanamide, N- [2- {2-[2- (benzoyl amino) phenyl) -5-chloro-lH-imidazol- 
4-yl]phenyl] -a-butyl-2,4-bis(l / l-dimethylpropyl) -p-oxo- (9CI) 
(CA INDEX NAME) 
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Me 




Ph-C-NH 



RN 121216-47-5 CAPLUS 

CN Carbamic acid, [2- [4- [2- { (2- [2, 4-bis {1, l-dimethylpropyl)phenoxy] -1- 

oxohexylj amino] phenyl] - lH-imidazol -2 -yl] phenyl] 2-methylpropyl ester 
<9CI) (CA INDEX NAME) 



Me 




i-BuO— C— NH 



RN 121216-49-7 CAPLUS 

CN Benzamide, N- (2- [4- [2-[ 12- [2, 4 -bis (1, 1- dime thy lpropyUphenoxy] -1- 

oxohexyl] amino] phenyl] -5-chloro-lH-imidazol-2 -yllphenyl] - (9CI) (CA INDEX 
NAME) 
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Me 




Ph-C~NH 
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